An intracellular adenine nucleotide binding site inhibits guanyly cyclase C by a guanine nucleotide-dependent mechanism.
Guanylyl cyclase C (GCC), the receptor for the Escherichia coli heat-stable enterotoxin (ST), is inhibited by 2-substituted adenine nucleotides in an allosteric fashion. In confluent cultures of Caco-2 intestinal epithelial cells, extracellular 2-methylthioadenosine triphosphate (2MeSATP) had no effect on basal or ST-stimulated cyclic GMP (cGMP) accumulation. However, this nucleotide inhibited cGMP accumulation in digitonin-permeabilized Caco-2 human colon carcinoma cells, demonstrating that allosteric inhibition of GCC by adenine nucleotides is mediated by an intracellular adenine nucleotide binding site rather than purinergic receptors. The role of guanine nucleotides in the regulation of GCC by adenine nucleotides was examined. Increasing GTP concentrations from 5 to 100 microM increased the potency of 2MeSATP inhibition of GCC 20-fold, with a shift in the Ki from 447 to 22 microM, respectively. Also, the hydrolysis-resistant analogue, guanosine 5'-O-(3-thiotriphosphate) (GTPgammaS), supported 2MeSATP inhibition of GCC with a potency which was 10-fold greater than GTP. In addition, GTP alone, in the absence of adenine nucleotides and at concentrations greater than 1 mM, inhibited GCC through a mechanism convergent with 2MeSATP. Guanine nucleotides supported adenine nucleotide inhibition of GCC at low concentrations and directly inhibited this enzyme at high concentrations when these studies were conducted with receptors expressed in Caco-2 cells, native rat intestine, or cloned rat GCC heterologously expressed in 293 monkey kidney cells. These observations demonstrate that adenine nucleotide inhibition of GCC is mediated through an intracellular mechanism which is guanine nucleotide-dependent.